Star-forming galaxies at z > 1 exhibit significantly different properties to local galaxies of equivalent stellar mass. Not only are high-redshift star-forming galaxies characterized by higher star formation rates and gas fractions than their local counterparts, they also appear to host star-forming regions with significantly different physical conditions, including greater electron densities. To understand what physical mechanisms are responsible for the observed evolution of star-forming conditions we have assembled the largest sample of star-forming galaxies at z ∼ 1.5 with emission-line measurements of the [OII]λ λ 3726, 3729 doublet. By comparing our z ∼ 1.5 sample to local galaxy samples with equivalent distributions of stellar mass, star formation rate and specific star formation rate we investigate the proposed evolution in electron density and its dependence on global properties. We measure an average electron density of 114 +28 −27 cm −3 for our z ∼ 1.5 sample, a factor of five greater than the typical electron density of local star-forming galaxies. However, we find no offset between the typical electron densities of local and high-redshift galaxies with equivalent star formation rates. Our work indicates that the average electron density of a sample is highly sensitive to the star formation rates, implying that the previously observed evolution is mainly the result of selection effects.
INTRODUCTION
The cosmic star formation rate has changed significantly since the formation of the first galaxies, declining by an order of magnitude in the last 10 Gyr (Madau & Dickinson 2014) . Not only did the early Universe (z > 2) contain a greater fraction of actively star-forming galaxies, it also hosted starforming galaxies with considerably higher star formation rates (SFRs) than galaxies of equivalent stellar mass (M * ) today (Elbaz et al. 2011; Daddi et al. 2007; Speagle et al. 2014 ). Although we now know that star-forming galaxies have grown in size, accumulated stellar mass and become more chemically enriched over cosmic time, we are yet to understand what mechanisms have driven the changing star formation rate.
To unlock the star formation history of the Universe we need to better understand the conditions within starforming regions. Both the ionizing sources and physical conditions of star-forming regions can be probed by measuring the strengths of rest-frame optical emission lines stemming ⋆ E-mail: melanie.kaasinen@anu.edu.au from the ionized gas. The relative strengths of these emission lines are mainly governed by a small set of ISM properties including the chemical abundance, shape of the ionizing radiation field, ionization state and gas density (Kewley & Dopita 2002; Dopita et al. 2006a,b; Kewley et al. 2013 ).
Prior to the last decade, samples of rest-frame optical spectra of z > 1 galaxies were small, biased and only included the strongest emission lines. The lack of near-infrared (NIR) spectroscopy for high-redshift galaxies reflected the difficulty in combating the combined effects of poor CCD sensitivity, detector fringing, and sky deterioration, resulting in a cosmological blind spot at 1 < z < 3 dubbed the "redshift desert" Adelberger et al. 2004) . Far from being an arid landscape, the redshift desert is an important epoch in the history of star-formation and galaxy assembly in the Universe. Not only did the star formation rate density peak around z ∼ 2 (Madau & Dickinson 2014; Hopkins & Beacom 2006) but the majority of the stellar mass and heavy elements in today's Universe were produced in the redshift desert (Dickinson et al. 2003; Drory et al. 2005; Fontana et al. 2003; Rudnick et al. 2003; Kobulnicky & Kewley 2004; Zahid et al. 2014 ).
Thanks to the advent of NIR multi-object spectroscopy on 8-10 m telescopes, large samples of z > 1 star-forming galaxies with rest-frame optical emission-line measurements are now being assembled. The ensuing studies suggest that high-redshift star-forming galaxies exhibit emissionline properties that are atypical of the local star-forming galaxy population. In particular, there is increasing evidence for a significant enhancement of emission-line ratios including [OIII] 4959, 5007/ [OII]3726, 3729 and [OIII] 5007/Hβ at high-redshift (e.g. Hainline et al. 2009b; Kewley et al. 2013; Steidel et al. 2014; Hayashi et al. 2015; Shapley et al. 2015) . The observed changes in emission-line ratios indicate that at least some of the conditions within star-forming regions must have evolved since the early Universe.
It is still unclear which physical properties of starforming regions are driving the observed changes in emission-line ratios. Although high-redshift galaxies are less chemically enriched than local galaxies of the same stellar mass, (Zahid et al. 2014; Kobulnicky & Kewley 2004; Cullen et al. 2014) , the elevated line ratios cannot be solely attributed to lower chemical abundances (e.g. Nakajima & Ouchi 2014; Steidel et al. 2014; Masters et al. 2014; Hainline et al. 2009a; Kewley et al. 2013 ). Other possible contributors include higher ionization parameters and/or electron densities (e.g. Brinchmann et al. 2008; Kewley et al. 2015; Masters et al. 2014; Shirazi et al. 2014b) , harder ionizing radiation fields (Steidel et al. 2014; Kewley et al. 2013) , contributions from shocks/AGN (Groves et al. 2006; Newman et al. 2014 ), a variation in N/O ratio (e.g. Shapley et al. 2015) and/or selection effects (Dickey et al. 2016; Juneau et al. 2014; Cowie et al. 2016; Newman et al. 2014; Kewley et al. 2013) .
To resolve the current deadlock, we have assembled a sample of star-forming galaxies at high-redshift (z ∼ 1.5) with the "full suite" of rest frame optical line flux measurements (i.e. [OII], Hβ , [OIII], Hα and [NII] ). Thanks to the FMOS-COSMOS survey Kashino et al. 2016) , measurements of Hβ , [OIII], Hα and [NII] are already available for a large (∼ 500) sample of galaxies at z ∼ 1.5. We complement the existing FMOS data with high resolution (R ∼ 2000) spectroscopy of the [OII]λ 3726, 3729 doublet. Previous studies at z ∼ 1.5 were either statistically insignificant, plagued by selection effects or lacked the necessary number of emission lines required to probe the conditions within star-forming regions (e.g. Hayashi et al. 2015; Kashino et al. 2016 Kashino et al. , 2013 Liu et al. 2008) . By gathering the largest sample of star-forming galaxies at z ∼ 1.5 with [OII] doublet measurements our work provides the missing link between the local Universe and recent high-redshift (z ∼ 2.3) studies from the KBSS and MOSDEF surveys (e.g. Sanders et al. 2016; Shapley et al. 2015) . Here, we present our data and measurements of the electron density.
Increasingly, high-redshift observational studies are finding evidence for elevated electron densities and/or ionization parameters (e.g. Hainline et al. 2009b; Bian et al. 2010; Shirazi et al. 2014a,b; Sanders et al. 2016; Masters et al. 2014) . However, the current body of work remains inconclusive, with most studies limited by small sample sizes and/or selection effects. Because most high-redshift studies fail to take out correlations with global galaxy properties when comparing the typical electron densities and ionization parameters of high-redshift and local galaxies it remains unclear whether the enhanced electron densities and ionization parameters at high redshift are simply the byproduct of probing "typical" star-forming galaxies with higher specific star formation rates (sSFRs, SFR/M * ) than "typical" local galaxies.
Recently, several studies have suggested a correlation between the electron density and/or ionization parameter of star-forming galaxies and their specific star formation rates (Kewley et al. 2015; Holden et al. 2016; Bian et al. 2016) . We investigate the proposed correlations with global galaxy properties by comparing the electron densities of our z ∼ 1.5 sample to three samples of local star-forming galaxies with equivalent distributions of either stellar mass, SFR or both mass and SFR. By matching the local and high-z (z ∼ 1.5) samples based on their global properties we are able to isolate the primary driver of the observed increase in electron density.
This paper is structured as follows. In section 2 we describe the survey design, observation and data reduction for our z ∼ 1.5 sample. We describe the selection of the high-z and local samples used in this work in section 3 and show the global properties of these samples. In section 4 we estimate the typical electron densities of our samples and investigate the proposed evolution with redshift. We conclude by summarising our results in section 5. Throughout this paper we refer to values of SFR, sSFR and M * consistent with a Kroupa IMF. When deriving the SFR, we adopt a Λ-CDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3, and Ω Λ = 0.7.
OBSERVATIONS AND DATA REDUCTION

The COSMOS-[OII] Survey
Our work is based upon a sample of star-forming galaxies from the COSMic evOlution Survey (COSMOS). We derive our sample from COSMOS to take advantage of the extensive multiwavelength ground and space-based observations already at hand (Scoville et al. 2007 ). The 2 square degree equatorial field encompassed by COSMOS is visible from most ground based optical and IR telescopes including the Keck and Subaru telescopes (Scoville et al. 2007) . A major spectroscopic survey has already been undertaken using the Fibre Multi-Object Spectrograph (FMOS) on Subaru (PIs Sanders and Silverman, Silverman et al. 2014) , resulting in Hα detections at S/N > 3 for ∼ 900 galaxies at 1.4 < z < 1.7. We complete the emission-line measurements for these galaxies with corresponding observations of the [OII]λ λ 3726,3729 doublet using the DEep Imaging Multi-Object Spectrograph (DEIMOS) (Faber et al. 2003) on Keck II.
Our COSMOS [OII] survey (PI L. J. Kewley) is primarily targeted at galaxies with existing FMOS spectroscopy. All targets were identified from the COSMOS photometric catalogues (McCracken et al. 2012; Ilbert et al. 2013) . Initial stellar masses for target selection were estimated based on the broad-band photometry and fitting results of LePHARE (Arnouts & Ilbert 2011) . We targeted galaxies with M * ≥ 10 9.8 M ⊙ (Chabrier IMF), SFR phot > 10 M ⊙ yr −1 and z(AB) magnitudes 24 (SuprimeCam, z ++ , λ c = 9106, Laigle et al. 2016) . For further analysis we use the latest stellar mass estimates from Laigle et al. (2016) , normalised to a Kroupa IMF.
COSMOS-[OII] Observations
Spectroscopic observations for the COSMOS [OII] survey were conducted over two nights, UTC February 24 and 25, 2014, with DEIMOS on the Keck II telescope. We observed seven COSMOS masks, each with ∼ 150 slits. Each mask was observed three times for 20 minutes, to optimise cosmic ray rejection. The average seeing over the two nights was ∼ 0.75". All observations were conducted with the 600ZD grating centred at 7500Å, the OG550 filter and 1" slit width. For the 1.4 z 1.7 galaxy sample in this paper, the [OII] doublet falls on the central portion of the red side (7500-9800Å) of the DEIMOS spectrograph. The resulting spectra have a dispersion of ∼ 0.65Å/px and spectral resolution of R ∼ 2000.
Data Reduction
Our raw science frames were initially processed using the publicly available IDL based pipeline, spec2d, developed by the DEEP2 survey team (Cooper et al. 2012; Newman et al. 2013) . The spec2d pipeline performs bias removal, flat fielding, cosmic ray rejection, slit-tilt corrections and wavelength calibration on a slit-by-slit basis (Newman et al. 2013) . Sky subtraction was performed without the use of a dithering pattern. We used standard Kr, Xe, Ar, and Ne arc lamps for wavelength calibration. Using spec2d we generated one skysubtracted, cosmic-ray cleaned two-dimensional (2-d) spectrum for each slit. Our initial [OII] sample was detected by visually inspecting the 2-d spectra for [OII] emission features. For galaxies where emission lines were present we recorded the central position on the slit of the emission feature (and, where present, the continuum) as well as an initial redshift estimate based on the observed wavelength of the [OII] doublet. Where relevant, we noted the presence of multiple emission features (from separate star-forming regions) and any data reduction problems such as sky continuum errors caused by scattered OH light from a neighbouring slit (see Newman et al. 2013) . Based on the initial redshift estimates and additional notes we selected 115 galaxies for further analysis.
We simultaneously corrected our 2-d spectra for detector sensitivity and atmospheric extinction using observations of the flux standard star, DA white dwarf G191-B2B (Oke 1990) . From the 1-d stellar spectrum we derived a sensitivity curve, representing the convolution of the instrument response function and the atmospheric absorption. All 2-d spectra were divided by the sensitivity curve to remove the effects of telluric absorption and instrument response. We derived a flux scaling relation by applying the sensitivity curve to the 1-d spectrum of G191-B2B and matching the corrected spectrum with the absolute flux spectrum from the ESO archives. The resulting scaling relation was applied to all 2-d slit spectra to generate 2-d flux calibrated spectra.
The 2-d flux calibrated spectra were reduced to 1-d by calculating the total flux over the effective aperture for the "red" side of each spectrum. We define the effective aperture as the region along the length of a slit at which emission-line features or continua are detected (horizontal dashed white lines in the upper panels of Fig. A1 ) and determine the size of the effective apertures by fitting gaussian profiles to the spatial flux distributions. We summed the flux within the effective aperture over the "red side" of each spectrum to produce our 1-d spectra (bottom panels Fig. A1 ). Small changes to the size of the effective aperture had no measurable impact upon the derived 1-d galaxy spectra and were therefore not considered in our error calculations.
Emission line fitting
We measure the emission-line fluxes of the [OII] doublet by fitting a double gaussian profile to a ∼ 35Å window of each 1-d spectrum, centred at the observed wavelength of the [OII] doublet (bottom panels Fig. A1 ). Our fitting routine utilises IDL's 'MPCURVEFIT', a Levenberg-Marquardt least squares minimization algorithm which fits a user supplied model and returns best-fit parameters, errors, and a measure of the overall quality of the fit. We fix the vacuum wavelengths of the doublet lines to λ 1 = 3727.09Å and λ 2 = 3729.88Å. To minimise the impact of OH lines our fitting routine takes into account a 1/N 2 weighting scheme for each pixel, based on the standard deviation of the flux outside the effective aperture (N, blue lines in Fig. A1 ). Throughout, we use the 1-sigma error on the fit parameters combined with the covariance values returned by 'MPCURVEFIT' to estimate the errors on our parameters. The reduced chi-squared values (χ 2 /ν) returned by our fitting routine are used as an indication of the goodness of the line fits and our errors are scaled accordingly for fits where χ 2 ν > 1.
SAMPLE SELECTION
3.1 The z ∼ 1.5 Sample Our COSMOS [OII] survey targeted ∼ 430 galaxies at 1.4 z 1.7, 103 of which were identified to have [OII] detections (> 2σ ). Of the 103 galaxies with detected [OII], 46 galaxies have corresponding Hα detections from the FMOS-COSMOS survey. We refer to the total sample of 103 COS-MOS galaxies for which we detect [OII] as the "[OII] sample" and refer to the subsample for which we have detections of both Hα and [OII] as our "[OII]-Hα sample". We present the data, derived quantities, global properties and spectra of our [OII]-Hα sample in Table A1 and Fig. A1 .
We take the median stellar masses from Laigle et al. (2016) , derived by fitting model spectra to the spectral energy distributions via LePHARE (Arnouts & Ilbert 2011) following the methods outlined by Ilbert et al. (2015) . To convert to a Kroupa IMF we apply a constant scaling factor of 1.06, taken from Zahid et al. (2012) . The SFRs and sSFRs of our [OII]-Hα sample were estimated from the dust-corrected Hα luminosities using the conversions in Murphy et al. (2011) and Hao et al. (2011) (consistent with a Kroupa IMF). Dust corrections were estimated using Hα/Hβ assuming an instrinsic ratio of 2.86, consistent with Case B recombination at T = 10 4 K and n e = 100 cm −3 (Dopita & Sutherland 2003; Osterbrock & Ferland 2006) [OII]-Hα sample (filled orange circles), the electron density subsample (red squares) and local SDSS star-forming galaxies (blue contours, showing the distribution density). The local and z ∼ 1.5 samples are compared to the main-sequence fits at z ∼ 1.5 (red dashed and filled pink) and z ∼ 0 (blue dashed) given by equation 28 of Speagle et al. (2014) . Note that the left and right panels are not directly comparable due to differences between photometric and Hα based SFRs.
The [OII]
-Hα sample appears to be representative of the range of SFRs spanned by z ∼ 1.5 star-forming galaxies at the same stellar masses (see Fig. 1 ). As in previous high-z studies, our [OII]-Hα sample exhibits higher SFRs than is typically found for local star-forming galaxies of the same stellar mass (red data vs. blue contours, right panel of 
Local Comparison Samples
To investigate the evolution in electron density we compare our z ∼ 1.5 [OII]-Hα detected sample to three local comparison samples, matched according to their global properties. Previous high-redshift observational studies (e.g. Sanders et al. 2016; Rigby et al. 2011) fail to take into account the evolution of global galaxy properties when drawing comparisons between the ISM conditions in the local and high-redshift Universe. Yet, the local star-forming galaxy population typically has far lower SFR and sSFR than the high-z population to which they are compared. Because most previous studies compare significantly different populations of galaxies, it remains unclear to what extent the global attributes of galaxy samples are responsible for driving the observed evolution of ISM conditions. We address this issue by selecting three local comparison samples matched to our primary high-z sample according to the global properties commonly used to design galaxy surveys (i.e. M * and SFR).
We derive our local comparison samples from the Sloan Digital Sky Survey (SDSS, York et al. 2000) Data Release 7 (DR7, Abazajian et al. 2009 ) catalogue. The emissionline measurements, stellar masses and SFRs are taken from the MPA-JHU catalogues (Kauffmann et al. 2003; Brinchmann et al. 2004; Tremonti et al. 2004) . SDSS SFRs are estimated from the Hα luminosities after correcting for aperture loss of the SDSS fibers and dust extinction based on Hα/Hβ . Although the SFRs are based on a Kroupa IMF, SDSS stellar masses are based on a Chabrier IMF. We there- fore normalize to a Kroupa IMF (as described for our high-z sample). To estimate the effects of dust extinction and derive ISM conditions we require [OII]λ 3727, Hβ , [OIII]λ 5007, Hα, [NII]λ 6583 and [SII]λ λ 6716, 6731 to be detected at a signal-to-noise ratio (S/N) > 3. We reject AGN, based on the standard optical line ratios, using the Kewley et al. (2001) maximum starburst criteria and reduce systematic errors from aperture effects by selecting galaxies at z > 0.04 (Kewley et al. 2005) . To ensure that we select galaxies representative of the local Universe we limit the redshift to z ≤ 0.1. These imposed constraints result in a sample of 123652 local star-forming galaxies which we refer to as the "full local sample".
We select three "matched" samples from the full local sample by matching an ensemble of local counterparts to each galaxy in our [OII]-Hα high-z sample. Our first local comparison sample is matched solely on stellar mass, without applying any constraints to the SFR. We refer to this sample as the M * -matched sample (top row: Fig. 2 ). To create the M * -matched sample, we require the stellar mass of the local counterparts to be within 0.2 dex of their high-z analogues. Conversely, for our second local comparison sample we require the SFRs of the high-z galaxies and local counterparts to be consistent within 0.2 dex but impose no constraints on M * . We refer to the second sample as the SFRmatched sample (middle row: Fig. 2 ). We derive our third local sample, the M * -and-SFR-matched sample, by combining constraints on the stellar mass and SFR. To select the M * -and-SFR-matched sample we require that the sSFR of the high-z sample and local counterparts are consistent to within 0.2 dex and both the M * and SFR are consistent to within 0.3 dex.
To ensure that the statistical properties of the matched local and high-z samples are equivalent we select the same number of local counterparts for each high-z galaxy. Although there were more than 50 local galaxies with equivalent M * for each high-z galaxy, a greater sample size did not result in a change in the electron density distribution. We therefore limit the size of our M * -matched sample, by randomly selecting 50 local galaxies for each high-z galaxy. In contrast, the number of local counterparts in both the SFRmatched and the M * -and-SFR-matched sample is limited by the rarity of high SFR galaxies in the local SDSS sample. We only find 7 local counterparts for our highest SFR highz galaxy and thus select 7 local galaxies at random for the remainder of our sample. Because we impose further constraints to select the M * -and-SFR-matched sample we are limited to 5 local counterparts for each high-z galaxy.
The three matched local samples have significantly different distributions of M * , SFR and sSFR (see Fig. 2 ). Both the M * -matched and SFR-matched local samples have significantly lower sSFRs than our high-z sample, reflecting the evolution of the main star-forming sequence (M * vs SFR) with redshift (e.g. Speagle et al. 2014) . As shown in Fig. 2 most local galaxies with equivalent stellar masses to galaxies in the high-z sample have lower SFRs. Conversely, most local galaxies with equivalent SFRs to our high-z sample (of which there are far fewer) are more massive than our high-z galaxies. We note that because of the rarity of high SFR local galaxies and the selection criteria imposed, there is significant overlap between the SFR-and the M * -and-SFRmatched samples.
ELECTRON DENSITIES
The electron density is a useful diagnostic of the pressure and density of gas within star-forming regions. Greater electron densities may help drive the elevated emissionline ratios observed at high redshift by increasing the rate of collisional excitation (e.g. Sanders et al. 2016; Kewley et al. 2013; Shirazi et al. 2014b ). The electron density can be estimated using the ratio of an emission-line doublet arising from a single species in which the two energy levels have nearly the same excitation energy but different collisional strengths and radiative probabilities (Veilleux & Osterbrock 1987) . Two electron density sensitive doublets, [OII]λ λ 3726, 3729 and [SII]λ λ 6716, 6731, may be accessed via rest-frame optical spectra.
Methods
We rely on different emission-line doublets to estimate the electron densities of our local and high-z samples because of the difference in resolution elements. The z ∼ 1.5 DEIMOS spectra have a spectral resolution of R ∼ 2000, which is sufficient to fully resolve the [OII]λ λ 3726,3729 doublet (separated by ∼ 6.8Å at z ∼ 1.5). In contrast, local SDSS spectra have a spectral resolution of R = 1800 at the [OII] wavelength (York et al. 2000) , corresponding to a resolution element of ∼ 2.1Å. Because the SDSS spectral resolution cannot fully resolve the 2.78Å separation of the components of the [OII] doublet we rely on the [SII]λ λ 6716,6731 doublet to estimate the electron density of the local sample. As shown by Sanders et al. (2016) , the electron densities determined from [SII] and [OII] for individual HII regions are highly consistent. Because the lines in both doublets are sufficiently close in wavelength, no correction for dust extinction is necessary.
We calculate the electron densities of our local and highz samples using the functional form derived in Sanders et al. 1 Theoretical minimum line ratio calculated in the high-density limit of 10 5 cm −3 2 Theoretical maximum line ratio calculated in the low-density limit of 1 cm −3
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where R is ratio between the peak fluxes of the two emissionline doublet components, n e is the electron density in cm −3 and a, b and c are the coefficients which best fit the numerical solutions to the relative populations of the doublets. We provide the coefficients and limiting line ratios derived by Sanders et al. (2016) in Table 1 . The relationships derived by Sanders et al. (2016) are the result of a detailed balance of transitions for each of the five energy levels approximated for the O + and S + ions. Calculating the emission-line ratio corresponding to a given density requires accurate transition probabilities and collision strengths. Sanders et al. (2016) The functional form derived by Sanders et al. (2016) incorporates a number of assumptions. By using their relation we assume that all of the star-forming galaxies in our samples can be modelled as HII regions consisting of a fully ionized gas with an isobaric density distribution. We thereby assume that the electron density is directly proportional to the HII region pressure and that these regions have an electron temperature of 10 4 K (see e.g., Dopita et al. 2006b , for a discussion). Given the dependence of the collision strength upon temperature this assumption may lead to an over-estimation in the electron density for metal-rich galaxies (and vice versa for metal-poor galaxies). We note that the uncertainty introduced by this assumption is significantly less than the typical measurement error for individual galaxies.
Electron density samples
Small changes in the line fluxes can have a significant impact upon the inferred electron density, especially at low densities where the line ratio is close to unity. It is therefore crucial that the doublets used to infer electron densities are free of any contamination from sky lines. We visually inspect all of our [OII] doublets and remove any spectra showing evidence of skyline contamination in the wavelength range of the doublet (starred galaxies in Table A1 ). In addition, we require S/N > 5 for the line fluxes of both [OII] components and use the covariance of the line fluxes of the doublets to ensure that we only select galaxies with S/N > 3 for the flux ratio.
Our applied selection cuts result in 57 [OII] and 21 [OII]-Hα high-z galaxies for which we calculate electron densities. For the one galaxy resolved into two separate star-forming regions (Deimos ID: "D416912") we separately calculate the electron density of each region and average the result. We find no evidence for AGN contamination in either the [OII] or [OII]-Hα z ∼ 1.5 samples for which we calculate electron densities, based on the [OIII]/Hβ and [NII]/Hα diagnostic line ratios (Kewley et al. 2001 ) and lack of X-ray detections. Our [OII]-Hα electron density subsample has a median stellar mass of 10 10.59 M ⊙ , a median SFR = 28 M ⊙ yr −1 and median sSFR = 0.7 Gyr −1 (note that these values differ slightly from the medians for the larger [OII]-Hα sample). To ensure a fair comparison, we only present the electron densities for local galaxies matched to the subsample of high-z [OII]-Hα detected galaxies for which we estimate electron densities.
Electron densities at z ∼ 0 and z ∼ 1.5
We present both the distributions and "typical" values of the electron density for each of our samples in Fig. 3 . Galaxies with line ratios above the theoretical maximum are assigned limits in the low density (< 10 cm −3 ) regime. To avoid confusion in Fig. 3 and Fig. 4 we assign galaxies with line ratios above the theoretical maximum an electron density of 1 cm −3 (noting that ratios close to the maximum theoretical line ratio can result in densities < 10 cm −3 ). Although a significant proportion of galaxies fall below the low density limit we find no galaxies with electron densities in the high density regime.
Because most samples contain a significant fraction of galaxies below the low density limit, we avoid averaging electron densities. Instead, we determine the "typical" electron density of each sample using the median line ratio and applying equation 1. We estimate the uncertainty on the median line ratio via a resampling technique. For each iteration, we perturb the emission-line ratios according to their uncertainties and take the median of the new sample. We perform this process 1000 times to build a well-sampled distribution of median values. The reported lower and upper uncertainties of the line ratios correspond to the 15.8th and 84.2th percentile values, respectively, of the cumulative distribution function of the median. Lower and upper uncertainties on the typical electron density are determined by converting the uncertainties on the median line ratio to electron densities where the upper (lower) uncertainty in the line ratio corresponds to the lower (upper) uncertainty in the density. The median line ratios and typical electron densities of the local and high-z samples are provided in Table 2 . The combined effects of redshift and spectral resolution force us to use different doublets to determine the electron densities of the local and high-z samples. Because [SII] has a significantly lower ionization energy than [OII] (10.36eV and 13.61eV respectively) it can exist at greater nebular distances (Fig. 2, Levesque 
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−27 cm −3 ), but consistent within the uncertainties. If this offset applies to the individual galaxies of our [OII]-Hα sample, it would enhance the difference between the high-z and M * -matched local sample. However, it is still unclear how well the electron density of the stacked dataset reflects the mean electron density of the FMOS galaxies, especially for our sub-sample.
Electron Density vs. Redshift
Our results suggest that the elevated electron densities measured at high redshift are a consequence of probing populations of galaxies with far greater star formation activity than is typical of the local Universe. We measure a typical electron density of 27 cm −3 for our full sample of 123652 local star-forming galaxies, consistent with the ∼ 20 cm −3 found by Sanders et al. (2016) and Bian et al. (2016) . As found in previous high-redshift studies (Sanders et al. 2016; Shirazi et al. 2014b; Steidel et al. 2014; Masters et al. 2014) , the typical electron density of our high-z sample is significantly greater (∼ 5×) than that of the local galaxy population. The same offset is recovered for local and high-z samples matched in stellar mass only. However, we find no significant difference between the typical electron densities of local and high-z samples with equivalent SFRs (98 +5 −5 cm −3 vs. 114 +28 −27 cm −3 respectively). Our findings appear to contradict the work of Shirazi et al. (2014b) , who recover a significant difference between the electron densities of their M * -and-SFR-matched local and high-z samples. The conflicting results are most likely to be the result of the different methods employed to estimate electron densities. Shirazi et al. (2014b) measure the electron densities of their local sample using the [SII] ratio and derive the electron density for each corresponding high-z galaxy by applying a scaling factor based on the ratio between the ionization parameters of the matched local and high-z galaxies. In contrast, we directly determine the electron density for the local and high-z samples, based on measured doublet ratios. We separately investigate the ionization parameter in Kaasinen et al (in prep.) to determine whether we find the same dependence on star formation rate as for the electron density.
Electron density vs global galaxy properties
Our work indicates that the previously observed evolution in electron density is related to the evolution of SFR rather than M * . Recent high-redshift studies which measure high electron densities, probe samples of galaxies with higher SFRs than typically found at z < 1.5. Both Steidel et al. (2015) measure a typical electron density of ∼ 290 cm −3 for their sample of 14 Hα emitters at z ∼ 2.5 for which the median SFR is ∼ 100 M ⊙ yr −1 . Although the SFRs of these highz samples differ significantly from those of the local comparison samples used, the stellar mass ranges are directly comparable. Thus, it would appear as though variations in electron density are driven mainly by differences in SFR.
We investigate how the doublet ratios and electron density vary with global galaxy properties both graphically (Fig.  4) and by performing a Spearman Rank correlation test for each parameter space. To determine the extent to which the variables are related we measure the strength of the monotonic relationship for each pairing via the Spearman rank coefficient, ρ s , and consider the significance of the correlation via α, the likelihood of ρ s being found by chance if the two variables are uncorrelated. For our high-z [OII]-Hα sample there is neither graphical nor statistical evidence for any correlations (i.e. α > 0.15 in all cases). These findings contradict the significant correlation (4σ level) between electron density and sSFR found by Shimakawa et al. (2015) . However, given the limited range in global properties and extent of the uncertainty for each individual measurement, our high-z sample is likely to be too small to recover any underlying correlations.
Unlike the high-z sample, the local samples exhibit weak but significant correlations. For each of the local samples (listed in Table 2 ) we find a weak negative Spearman's correlation (ρ s ∼ −0.1) between the [SII] line ratio and M * , which translates into a weak positive correlation between electron density and stellar mass (ρ s ∼ 0.2). Additionally, each of the local samples exhibits a weak, negative correlation between the [SII] ratio and SFR which translates to a weak positive correlation between the electron density and SFR. The ρ s values describing the relationship between electron density and SFR are greater for the local samples matched in SFR (ρ s ∼ 0.4) than for the full and M * -matched samples (ρ s ∼ 0.15). Further differences between samples are apparent when investigating the relationship between electron density and sSFR. Both the full and M * -matched local samples exhibit no correlation between the electron density and sSFR whereas the samples matched in SFR exhibit weak positive correlations (0.1 < ρ s < 0.3). The weakness of the monotonic relationships and differences between samples are reflective of the contours for the full local sample shown in Fig. 5 . At high SFR (log(SFR/ M ⊙ yr −1 ) > 0.5) and sSFR (log(sSFR/ yr −1 ) > −10) the range of likely electron densities is smaller and offset to higher values.
We extend our investigation into the dependence of electron density on global properties using the full sample of 123652 local star-forming galaxies. Rather than separately investigating the correlation between electron density and each global property, we compare the electron densities of different bins of SFR and M * . For each bin we compute the typical electron density (as described in Sec. 4.1), determine the fraction of galaxies in the low density regime and count the total number of galaxies to account for sample characteristics (Fig. 5: left, middle and right panels respectively). We also show lines of constant sSFR (Fig. 5 : red dot dashed and dashed lines). We require at least 20 galaxies per SFR and M * bin but impose no upper limit on the number. Bins where −10 < log(sSFR/ yr −1 ) < −10.7 and 10.2 < log(M * / M ⊙ ) < 11.2 contain the greatest number of galaxies, reflecting the characteristics of SDSS as well as our selection criteria.
The electron density of the bins of local galaxies appears to be more strongly dependent on the star-formation rate than the stellar mass. For each M * bin the typical electron density increases with SFR above ∼ log(sSFR/ yr −1 ) > −10.7 (left panel, Fig. 5) . Furthermore, the fraction of galaxies with electron densities in the low density regime decreases dramatically with increasing SFR, above log(sSFR/ yr −1 ) > −10.7. This dependence on SFR (and sSFR) is also apparent for the matched local samples. Approximately 40% of both the full local sample and M * -matched sample have electron densities in the low density limit, whereas ∼ 15% of the samples matched in SFR exhibit electron densities in the low density regime. Thus, the previously observed increase in electron density at high redshift may be driven by the decreasing fraction of galaxies within the low density regime for populations with higher SFRs.
The dependence of the electron density of a sample on the SFR may reflect a correlation between electron density and star-formation rate density. Because it is observationally challenging to determine the SFR volume density (ρ SFR ) for galaxies other than our own, the SFR relative to the size of a galaxy is commonly measured via the SFR surface density (Σ SFR ). Recently, studies have found strong evidence for a correlation between the global Σ SFR and electron density of star-forming galaxies (Bian et al. 2016; Shimakawa et al. 2015) . Although we lack the spatial information required to measure the size, and therefore Σ SFR , for our z ∼ 1.5 sample we note that our high-z sample is unlikely to be biased towards greater galaxy sizes than the local population (e.g. van der Wel et al. 2014) . We therefore expect our highz sample to have a greater average Σ SFR than the local population and at least equivalent Σ SFR to the local samples matched in SFR. The same argument should extend to ρ SFR since the growth in galaxy size should be independent of the viewing angle.
There are a number of physical mechanisms by which a high star formation rate density may result in an enhanced average electron density. A higher SFR density means an increased number of massive, young stars per unit volume. The increased number density of massive, young, stars results in a greater energy input to HII regions, via processes such as stellar winds and shocks, increasing both their pressure and electron density ( 2008). Additionally, the observed correlation between the star formation rate density and electron density may ensue as a result of the direct scaling between the gas surface density (Σ gas ) and Σ SFR (e.g. Kennicutt & Evans 2012; Kennicutt 1998) . Increased molecular gas densities may lead to higher atomic hydrogen densities within HII regions, which are embedded in molecular gas clouds. Because the electron density scales with the number density of atomic hydrogen (e.g. Dopita & Sutherland 2003; Kewley et al. 2013; Dopita et al. 2006b,a) it may also be sensitive to the gas density. Thus, the high Σ gas of high-z galaxies (e.g. Tacconi et al. 2010; Genzel et al. 2013 ) would be expected to increase both the SFR and electron density.
In the previous arguments we assumed that the observed emission-line fluxes stem predominantly from HII regions and that the estimated electron densities are therefore reflective of the average HII region electron density for each galaxy. But, studies on local galaxies show that 20-40% of the total galactic Hα luminosity stems from the diffuse ISM, and possibly a larger fraction of the [OII] and [SII] emission (Dopita & Sutherland 2003; Haffner et al. 2009 , and references therein). Most studies of the diffuse ISM (see Haffner et al. 2009 ) do not report any evidence for a correlation between SFR (or Hα luminosity) and the fraction of the emission stemming from the diffuse ISM, suggesting that the diffuse emission may affect our high-z and local samples. Confirming the effects of contamination by diffuse emission will only be achieved via deeper observations and high physical resolution IFU observations of both high-and low-z galaxies.
SUMMARY
We have presented the data and first results from the COSMOS [OII] survey. Our survey is designed to complement the FMOS-COSMOS survey (Kashino et al. 2013; Silverman et al. 2014; Zahid et al. 2014; Kashino et al. 2016) by measuring the flux of the [OII] doublet for galaxies with H-and J-long observations. As shown in this work, our data represent a critical resource for probing the ionization state of star-forming regions at z ∼ 1.5. Without the [OII] doublet we cannot accurately diagnose the electron density, ionization parameter or metallicity of star-forming regions.
We have investigated the average electron density of star-forming galaxies at z ∼ 1.5 and made comparisons to local star-forming galaxies. Of the 103 galaxies at z ∼ 1.5 with significant [OII] detections, a subsample of 46 have measured Hα. We use this subsample to explore the effects of M * and SFR on electron density. To measure the electron density we select a subsample with high S/N for both components of the [OII] doublet and for which there is no evidence of skyline contamination. We measure a median [OII]λ 3726/λ 3729 of 1.29 ± 0.03 for our z ∼ 1.5 [OII]-Hα detected sample, corresponding to a typical electron density of 114 +28 −27 cm −3 . This typical electron density is consistent with recent high-z (1.8 < z < 2.5) studies as well as the electron density found by Kashino et al. (2016) for the parent Hα detected FMOS-COSMOS sample.
We find strong evidence that the high electron densities measured for high-redshift galaxies are the result of the evolving global star-formation rate. Our z ∼ 1.5 sample exhibits a typical electron density ∼ 5 times that of the "typical" local star-forming galaxy population and a local sample matched in stellar mass. But, we find no such evolution in electron density when comparing local and high-z galaxies with the same SFR. The dependence of electron density on SFR is also evident within the local sample, for which we plot the typical electron density and fraction of galaxies in the low density regime as a function of M * and SFR. The dependence we have uncovered may be the result of a correlation with the star-formation rate surface density, reported by other studies (e.g. Shimakawa et al. 2015) . However, further studies of spatially resolved galaxies at 0 < z < 2 are required to confirm this.
Our findings indicate that the enhanced emission-line ratios observed at high redshift are, at least partly, the result of probing populations of galaxies with higher SFR and sSFR than are typical of the local Universe. Higher electron densities serve to increase emission-line ratios such as [OIII]/Hβ , (e.g. Kewley et al. 2013) . Thus, the increased star-formation activity at high redshift may be reflected in enhanced ratios. The proposed correlation between emissionline ratios and sSFR has only been investigated recently. Bian et al. (2016) find evidence that local galaxies with [OIII]/Hβ ratios equivalent to galaxies at z ∼ 2 have significantly higher sSFRs and electron densities than the rest of the local star-forming population. Similarly, Dickey et al. (2016) show that elevated [OIII]/Hβ ratios are partly driven by high sSFR, regardless of the cosmic epoch.
The exact connection between global galaxy properties and the conditions within star-forming regions remains unclear. Although the electron density is one of the key physical parameters of star-forming regions, it does not convey the full picture. To fully probe the physical conditions of star-forming regions at z ∼ 1.5 we must also investigate their metallicities and ionization parameters. Previous studies, which sample galaxies with high star-formation activity, find evidence for increased ionization parameters (Shimakawa et al. 2015; Steidel et al. 2014; Sanders et al. 2016 ). We will investigate the observed evolution of the ionization parameter and its dependence on global galaxy properties in Kaasinen et al. (in prep) using the high-z sample presented in this work. 
